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The selective catalytic oxidation of methane and higher alkanes remains one of the great challenges in catalysis research. Considerable progress has been made during the last three decades regarding the C-H activation of alkanes, in particular electrophilic activation reactions with late transition metals. [1] [2] [3] [4] Once C-H bond cleavage has occurred at a metal centre, a functionalisation of the metal carbon bond is required, followed by release of the product and regeneration of the catalyst. In the case of oxidation reactions, this functionalisation of metal alkyl complexes should be carried out ideally with environmentally benign oxidants such as O 2 or H 2 O 2 . In a previous study, we reported the oxidation of dimethyl Pt II complexes with H 2 O 2 to generate cis-dihydroxo Pt IV complexes. [5] The unusual cis isomer was obtained by using amino-substituted bipyridine ligands, which stabilise this isomer through hydrogen bonding. Figure 1 and the supporting material for further information). [6] This dimer formation is quite common for terpy Pt II complexes and arises from metal-metal and π-π interactions. [7] It is for example solution at room temperature, similar to observations with other substituted terpyridine Pt II complexes. [9] [10] [11] Excitation of the charge transfer region at 388 nm results in an emission spectrum with maxima at 580 and 654 nm (see Supplementary Information).
Noteworthy, the diamino substituted terpyridine ligand itself also shows photoluminescence. [12, 13] The luminescent behaviour of [Pt (1) [14] In addition, several Pt II and Pt IV complexes containing alkylperoxo ligands other than methylperoxo have been reported previously, but none of these have been prepared via an O 2 insertion reaction. [15] [16] [17] [18] [19] [20] The O 2 insertion reaction into the Pt II -Me bond in the complex [(PN)Pt(Me)(OOMe)] is also affected by light and the authors have proposed a radical mechanism for their insertion reaction. [14] Similarly, the insertion of O 2 into a Pt IV -H bond has been reported to involve a radical pathway, [21] and insertions of O 2 into other transition metal methyl bonds such as Co and
Fe methyl complexes proceed via methyl radicals. [22, 23] In contrast, two reports on the [26, 27] Dioxygen, in its triplet ground state, is rather unreactive because reactions are spinforbidden and require a triplet-singlet surface crossing on the reaction coordinate. [28] Many atm O 2 pressure after 7-11 hours, [14] whereas in our case the insertion reaction proceeds [31, 37, 38] The reaction product, TEMPO, is a stable radical, which can be detected by EPR (see
Supplementary Information).
Singlet oxygen is similar in character to an electron-deficient alkene and metal complexes containing a coordinated 1 O 2 ligand have recently been reported. [39, 40] Coordination prior to insertion, akin to alkene insertions into a metal alkyl bond, to give Figure 2 show a distinctly different charge transfer behaviour between these two complexes and it has been previously reported [8] Figure S2 in the Supporting Information). The formation of the hydroxo Pt II complex was confirmed by the independent preparation from [Pt(1)Cl] + and NaOH. This decomposition pathway of a methylperoxo complex has also been observed in the decomposition of FeOOMe complexes. [22, 23] Always look on the bright side: The light-driven insertion of dioxygen into a platinum methyl bond results in a methylperoxo complex which decomposes to formaldehyde and a platinum hydroxo complex.
